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CHAPTER I 

HISTORICAL REVIEW AND INTRODUCTION 

The avian cerebellum is a narrow, dome-like structure divided 

into anterior and posterior parts by a ventricle. Folded around this 

ventricle is a medullary sheet, which forms the medullary branches, 

and together these form the folds known as the cerebellar folia. 

Carus (1814) first studied in detail the anatomy of the cerebel

lum. Stieda (1864) and Ramo'n y Cajal (1908) were among the first 

anatomists to describe the avian cerebellum in detail. Mesdag (1909) 

identified the cerebellum anlage in the four and one-half day-old 

chick embryo. Brouwer (1913) noted variation in avian cerebellum 

shape and further divided the cerebellum into parts. Ingvar (1918) 

divided the cerebellum into the lobus anterior, lobus media, and lobus 

posterior, and noted that fissurae x and y of Brouwer corresponded, 

respectively, to fissura prima and prepyramidal in mammals. In rep

tiles, most fishes, anurans, and birds the median cerebellar mass, 

which composes the corpus cerebelli, is larger than the vestibulo-

lateral lobes or the lateral flocculi (Larsell, 1967). 

The number of avian cerebellar folia was noted by Leuret and 

Gratiolet (1839-1857) to be proportional to the volume of the cere

bellum, the volume being greater in birds than in the brains of lower 

vertebrates. Larsell (l̂ -'̂ S), noting that the primary folia remain 

constant in number, found that this increase in the volume of the 

avian cerebellum was due to subfoliation of the primary folia. Lar

sell concluded that the folia of birds and the lobules of certain 



mammals are homologous. Saetersdal (1956a) noted five cerebellar 

fissurae--four transverse furrows and a posterior lateral fissura. 

Internally, the cell bodies in the cerebellum are distributed as 

a granular layer and several nuclei. Brandis (1894) and Kappers 

(1947) classified many of the nuclei. In 1936 Kappers, Huber, and 

Crosby reported a continuous nuclear mass in the sparrow. 

Fiber and nuclear tracts in the avian cerebellum have been 

studied and described by Friedlander (1898), Shimazono (1912), Ingvar 

(1918), Craigie (1930), Larsell (1948), and Whitlock (1952) and others, 

many of whom correlated their morphological findings with behavioral 

traits. Larsell (1967) was unable to satisfactorily classify birds 

taxonomically on the basis of cerebellum morphology. 

The purposes of this study are three-fold: (1) to describe and 

analyze the structure of the cortical, granular, and medullary layers 

of the cerebellum in the avian family Icteridae; (2) to study inter

specific and intraspecific variation in this family with regard to the 

cerebellum; and (3) to interpret these differences in light of the 

behavior and ecology of this family. 

The following species of Icterids were studied: Molothrus ater 

(cowbird), Sturnella neglecta (western meadowlark), Aglaius phoeniceus 

(redwinged blackbird), and Icterus bullockii (Bullock's oriole). 

The birds were selected because (1) they belong to a family that 

shows considerable interspecific morphological variation; (2) they 

differ in their behavior and ecology; (3) their sizes are convenient 

for preparing suitable brain sections; and (4) all four species are 

locally common and readily available. 



CHAPTER II 

MATERIALS AND METHODS 

Four adult redwinged blackbirds, one Bullock's oriole, one cow-

bird and one western meadowlark were collected locally. Their brains 

were immediately removed and fixed in 10% formalin; later the cerebella 

were detached and placed in arable gum acacia for three days. Next, 

the cerebella were frozen and sagittal sections were prepared using 

a Frigamat freeze microtome (Jung Heidelbery), Alternate sections 

thirty-three microns thick were stained for myelin and cell bodies 

with Luxol Fast Blue and Cresyl Violet (Kluver and Barrere, 1953). 

Corresponding sections of the cerebellum of each specimen were 

located by counting sections of known thickness and thereby estimating 

the distance of each section from the midline. Once the corresponding 

sections were located in each specimen, they were projected and traced 

individually on uniformly thick paper. Three layers of the cerebel

lum- -the medullary, the granular layer, and the cortex--were cut from 

the tracings and weighed to the nearest mg. 

A convenient method was developed to rapidly determine the number 

of cells in each lobe of the cerebellum. Nine areas, each containing 

5.76 x 10""̂  mm^ of tissue (33 ;i thick), were chosen at random from 

the granular layer of each lobe and the number of nerve cell bodies 

were counted in each of these squares. The total cell bodies in these 

nine squares, multiplied by the weight of the paper that contained the 

granular layer, gave an arbitrary figure that served as an indicator of 

the relative number of cells in each lobe. Because it is the relative 



rather than the actual number of cell bodies in a lobe that should vary 

in accordance with function, this rapid method of estimating cell body 

counts was considered sufficient for this study. 



CHAPTER III 

RESULTS 

The results of this study are summarized in Table 1 and Figures 

1-16, which should be consulted for elucidation of the following 

neuroanatomical descriptions. The fissurae of the folia expand 

somewhat in frozen sections, and this was taken into account in 

describing the fissurae and folia in this study. 

The cerebellum was found to be similar but not identical in all 

four species. About one-fourth of the brain mass is cerebellum, and 

it is situated in the caudal part of the brain where it slants 

anteriorly in all species except the meadowlark. The cerebella in 

all four species have well developed folia, flocculonodular lobes, 

and deep, intervening fissurae. The anterior lobes are compressed 

slightly more than the posterior lobes. The fissura secunda is the 

deepest and most prominent fissura. The posterior lobe has deeper 

and m.ore prominent fissurae than the anterior lobe. 

Beginning with the outermost layer the three cerebellar layers 

are the cortical, granular, and medullary. The ten folia of Larsell 

are conspicuous and vary chiefly with regard to subfoliation. Accord

ing to Larsell (1967) the size and shape of each folium is related to 

specific functions, subfoliation being greater in more highly coordin

ated species. The four species differ in their modes of locomotion: 

the meadowlark principally walks; the cowbird and redwinged blackbird 

walk and fly; and the oriole never walks. Regarding their nesting 



habits, there are represented builders of elaborate nests (oriole), 

average nests (redwinged blackbird and meadowlark), and no nest at all 

(cowbird, which parasitizes the nests of other species). 

Redwinged Blackbird 

The cerebellum in this species is oval in shape and is situated 

caudally where the cerebral hemispheres cover most of it proximally 

and laterally; thus the anterior lobe is mainly covered and the 

posterior lobe is exposed. The cerebellum in the blackbird is larger 

than in the cowbird and oriole but smaller than in the meadowlark. 

It showed no significant intraspecific variation. 

The three layers are very prominent. Proportionally, the 

medullary sheet is about the same width as in the cowbird and oriole 

but less than in the meadowlark. The cerebellar ventricle is large 

in the redwinged blackbird and extends well into the cerebellar base. 

The five folia of the anterior lobe are shorter than the folia of 

the posterior lobe. Folium I is short and thin but is as long as 

folium II. The folium slants in an antero-ventral direction. The 

granular and cortical cerebellar layers are present but the medullary 

layer extends only up to the folium and is in contact with the cere

bellar ventricle. The granular layer faces the cerebellar ventricle, 

whereas the cortical layer is anterior and faces the dorsal surface of 

the folium. Fissura precentral a_, separating it from folium II, is 

short and tapers toward its deep end. 

Folium II is situated dorsally to folium I. It is rounded 



anteriorly and from this end the folium tapers inward. The dorsal, 

anterior part curves slightly upward. The three cerebellar layers 

are all present with the medullary sheet forming a complete ray in 

this folium. The granular and cortical layers spread out anteriorly. 

The dorsal fissura precentral is distinct and tapers caudally. 

Folium III is subfoliated into Ilia and Illb. The subfoliation 

is present in all the blackbirds but varies in degree. Subfolium Ilia 

slants in an antero-ventral direction and is shorter than Illb. Sub-

folium Illb slants antero-dorsally with its dorsal most part forming 

a slight upper lip. All three cerebellar layers are present but the 

medullary ray in Ilia is small. Subfolia Ilia and Illb are served 

by branches of a single primary medullary ray. These subfolia are 

separated by a slight fissura, whereas Illb is separated from folium 

IV by the long and deep fissura preculminate. 

Folium IV is the longest folium in the anterior lobe, extending 

anteriorly and dorsally beyond the anterior surface of the cerebellum. 

It fans out toward the end and the granular layer thickens in this 

area. The medullary ray is longer than in any of the previous rays. 

The fissura intraculminate, separating folia IV and V, is the longest 

and deepest fissura in the anterior lobe. 

Folium V is large and like folium IV it fans out rostrally and 

slants anteriorly and dorsally. Its rostral end is slightly curved 

upward and this is where the granular layer thickens. The medullary 

ray is shorter here than in folium IV, although the folium is not that 

much shorter. The cortical b:;yer is not uniformly thick on the sides 
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of the folium. Fissura prima is a long fissura which slants ventrally 

and separates the anterior and posterior lobes. 

In the posterior lobe (folia VI-IX) folium VI is divided into 

subfolia Via, VIb, and Vic. This subfoliation is present in all the 

blackbirds studied and all had virtually the same amount of variation. 

This is the most antero-dorsal folium of the cerebellum. Subfolia Via 

and VIb are separated by the fissura, declival sulcus 2, and VIb and 

Vic are separated by a longer fissura, declival sulcus 1. These sub

folia, like folium III, are served by branches of a single primary 

medullary ray. However, the medullary ray branches twice between 

Via and b and Vic and again between Via and VIb. Subfolium VIb is 

slightly longer than and curves toward Via, and therefore the 

cerebellar layers are longer. Subfolium Vic is large and broadens 

toward the end; it is not as long, though, as Via and b. Fissura 

posterior superior is long and narrow, and separates folia VI and 

VII. 

Folium VII is located ventral to folium VI. It broadens out 

tov/ard its outer end where there is a thickened granular layer. The 

medullary ray is long and narrow. Fissura prepyramidal separates 

folium VII from folium VIII. This fissura is one of the longest 

fissurae in the redwinged blackbird. 

Folium VIII curves slightly posteriorly and dorsally. Its 

length is due to its separation by the two deepest fissurae in the 

cerebellum--dorsally, by the fissura prepyramidal and ventrally, by 

the fissura secunda. The medullary ray is quite long, and the cortical 



layer is not uniformly thick. Like some of the other folia, it fans 

out toward its outer end. 

Folium IX is divided into subfolia IXa, IXb, and IXc by uvular 

sulci 2 and 1, respectively. Uvular sulcus 2 is a shallower fissura 

which slants downward, whereas uvular sulcus 1 is longer and wider. 

Subfolium IXa is the longest of the subfolia and curves slightly 

upward, whereas subfolia IXb and IXc curve downward. These sub

folia, like folia III and VI, have medullary rays which are branches 

off of a primary medullary ray. One branch divides between IXa and 

b and IXc, while IXa and IXb divide again. Subfolium IXb has a 

more rounded end and a thickened granular layer. Subfolium IXc 

has a broad outer end and tapers to a lip posteriorly. A broad 

fissura separates folia IX and X--the fissura posterolateral. 

Folium X is the most caudal part of the cerebellar ventricle. 

It is the nodulus of the flocculondular lobe, and in the blackbird 

it is a small, ventral lobe with no medullary layer. It consists 

mainly of the cortical layer with some granular layer facing the 

ventricle. 

Oriole 

The oriole has the smallest brain of the four species studied, 

although its cerebellum is comparable to the cerebellum of the cow

bird. The cerebellum of the oriole is oval in shape, and is situated 

in the brain cavity the same way as that of the redwinged blackbird. 

The three cerebellar layers are very prominent, and subfoliation is 
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comparable to that in the blackbird. The cerebellar ventricle is 

large at its base and about midway tapers into the medullary sheet. 

The folia of the anterior lobe are smaller than the folia of 

the posterior, but proportionally not as small as those of the black

birds mentioned earlier. The ninth folium is divided in such a way 

that subfolia IXb and IXc and folium X form a smaller lobe on the 

cerebellum. This division is prominent in the oriole. 

Folium I is small and is situated beneath and parallel to 

folium II. The cerebellar layers present are the cortical and a 

small granular layer. As in the blackbird, the medullary sheet 

extends only up to folium I of the oriole, and the granular layer is 

in contact with the cerebellar ventricle. Folium II is as long as 

folium I, and is rounded on the end with all three cerebellar layers 

present. The medullary ray is complete, and the granular layer is 

thickened on the outer end. The fissura precentral is narrower than 

in the blackbird, but extends a proportional amount into the cerebellum. 

Folium III is subfoliated into Ilia and Illb. This subfoliation 

is not as prominent as in the redwinged blackbird, but Illb is still 

longer than Ilia. The cortical layer does not subfoliate very much, 

but instead it forms a continual and uniform layer. Subfolium Illb 

slants dorsally and anteriorly, while subfolium Ilia slants ventrally 

and anteriorly. The medullary ray divides here, as it does in the 

blackbird, with each subfoliation receiving a branch. However, the 

branch of subfolium llla is very small in comparison to Illb or to 

subfolium Ilia in blackbirds. The fissura preculminate, which divides 
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folia III and IV, has a tendency to bifurcate as it terminates in 

the cerebellar mass. 

Folium IV is the longest folium in the anterior lobe of the 

oriole as it is in the blackbird. It slants dorsally with its dorsal 

and ventral most parts fanning out. The three cerebellar layers are 

all present with a thick cortical layer. Fissura intraculminate is 

the longest fissura in the anterior lobe of the oriole, as it is in 

the blackbird. It broadens out somewhat as it terminates in the 

cerebellar mass. 

Folium V, which runs parallel to folium IV, is slightly sub

foliated in the oriole, the subfoliation occurring in the granular 

and medullary layers. This subfoliation has led to a broadening 

and thickening of the cortical and granular layers. Fissura prima 

is deep and runs ventrally. 

Folium VI is subfoliated into Via, VIb, and Vic. Subfolia Via 

and VIb are separated by a prominent fissura, declival sulcus 2, and 

VIb and Vic are separated by declival sulcus 1. All three subfolia 

have a common medullary ray which branches to the subfolia in the 

same way as it does to folium VI in the blackbird. Subfolia Via and 

VIb are distinct lobes which curve slightly inward toward each other. 

The medullary rays are longer and narrower in the oriole than in the 

blackbird. Subfolium Vic looks very similar to Vic in the blackbird. 

Fissura posterior superior is almost as long as fissura prepyramidal 

and fissura secunda. 

Folium VII is one of the two longest folia of the posterior lobo. 

It does not fan out as much as folium VII in the blackbird, and the 
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medullary ray is thinner. The cortical layer is thickened toward the 

end of the folium. 

Folium VIII is the other long folium in the posterior lobe. Its 

cortical layer is uniformly thick, and the ventral end bends downward 

to form a lip. The medullary ray is slightly longer than in folium 

VII. The fissura secunda is prominent and long. 

Folium IX is subfoliated into IXa, IXb, and IXc. These are very 

similar to the subfoliation of IX in the blackbird. A common medullary 

ray is branched into IXa, IXb, and IXc. Subfolium IXa in the oriole 

is narrower than IXa in the blackbird. Its medullary ray is long and 

narrow. Subfolia IXb and IXc are slanted ventrally and posteriorly 

and form the structure mentioned earlier. Subfolium IXc is longer 

than IXb, and both have expanded ends with thickened granular and 

cortical layers. Uvular sulcus 2 is a wide fissura and separates 

IXa and IXb, while IXb and IXc are separated by uvular sulcus 1. 

This is an even deeper fissura than uvular sulcus 2. 

Folium X, the nodulus, has a rounded end and runs parallel to 

IXc. The cortical layer is the most prominent layer, and the narrower 

granular layer faces the fourth ventricle and cerebellar ventricle. 

The medullary layer was not found in this folium. 

Western Meadowlark 

The meadowlark has the largest brain of the four avian species 

studied. Its cerebellum is also oval in shape, but unlike the others, 

it does not slant forward; it is more perpendicular. The medullary 
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sheet is quite prominent with the cerebellar ventricle being reduced 

in the caudal part of the medullary sheet. As in the oriole, there 

is a distinct lobe formed by the separation of subfolia IXb, IXc, 

and folium X. This is due to the increased size of fissura uvular 

sulcus 2. 

The three cerebellar layers are present and subfoliation is com

parable to that of the blackbird and oriole. The folia of the anterior 

lobe are smaller than the folia of the posterior lobe. 

Folium I is small, slender, and equal in length to folium II. It 

tapers toward its outer end and has two layers--cortical and granular. 

The medullary layer is not present. The cortical layer faces anterior

ly, while the granular layer faces ventrally. These two layers 

occupy proportional areas in folium 1. Fissura precentral a. is long, 

bifurcated, and tapers toward its posterior deep end. 

Folium II is rounded and has cortical and granular layers which 

taper toward folium I. This tapering gives folium II large granular 

and cortical layers. The medullary ray is complete in this folium and 

is slightly subfoliated, whereas the cortical layer tapers gradually 

upward. The fissura precentral, separating folia II and III, spreads 

out somewhat at its deep end. 

Folium III is subfoliated into Ilia and Illb. Subfolium Illb is 

longer than Ilia, and both have medullary rays which are branches of 

a common ray. The granular layer of subfolium Illb is thickened to

ward the end, while Ilia is uniformly thick. These subfoliations 

are separated by a small fissura, while Illb is separated from folium 
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IV by the fissura preculminate. This fissura gradually tapers 

ventrally. 

Folium IV is subfoliated in all three cerebellar layers with 

the dorsal most subfoliation being longer than the ventral one. This 

folium curves anteriorly away from the center of the cerebellum, and 

is the longest folium in the anterior lobe. It is separated from 

folium V by the fissura intraculminate. This fissura is the longest 

one in the anterior lobe and curves out from the center of the cere

bellum in a dorsal direction. 

Folium V is the broadest folium lacking subfoliation in the 

anterior lobe. Its granular layer curves inward slightly, with the 

most dorsal part tapering upward. The cortical layer also tapers 

upward on its dorsal end. This folium curves ventrally at its base 

and has a wavy appearance. Fissura prima is very distinct and slants 

anteriorly. 

The posterior lobe has longer folia, but follows the same general 

pattern as that of the blackbird and oriole. Folium VI is subfoliated 

in the same way--VIa, VIb, and Vic. This is the most dorsal folium, 

and all three subfolia fan out toward the end. Subfolia Via and VIb 

are separated by a very shallow fissura declival sulcus 2, while a 

relatively long and narrow declival sulcus 1 separates VIb and Vic. 

Fissura posterior superior slants in a posterior direction and curves 

dorsally a short distance. 

Folium Vli and VIII are the two longest folia in the posterior 

lobe. Folium VII subfoliates slightly in its granular and cortical 

layers, while the medullary ray is the longest ray in the posterior 
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lobe that is not subfoliated. The folium is posteriorly directed for 

most of its length, with its end turning slightly dorsal. The fissura 

prepyramidal is as long as the fissura secunda. 

Folium VIII, as already mentioned, is long, and does not sub-

foliate. The medullary ray is shorter in folium VIII than in folium 

VII, and has a slightly larger base. The furrow between folia VIII 

and IX is the fissura secunda. This fissura is long and slightly 

curved. 

Folium IX has the subfoliation--IXa, IXb, and IXc. It branches 

in the same manner as the oriole, with subfolia IXa and IXb being 

v/idely separated by fissura uvular sucli 2. Subfolium IXa has a 

slight subfoliation in its granular and cortical layers which makes 

the granular layer thick. Subfolium IXb is subfoliated equally in 

all three cerebellar layers. Subfolia IXb and IXc are divided by 

uvular sulci 1, which is distinct and broadens slightly at its deep 

end. Subfolia IXc is long, tapers posteriorly, and is subfoliated. 

The granular layer is broad and thick. A broad fissura separates 

folia IX and X--fissura postero-lateral. The meadowlark is the only 

species studied which has a subfoliated IXb and IXc. 

Folium X consists of two cerebellar layers--cortical and granular. 

The cortical layer is thinner, and faces posteriorly, while the granular 

layer is anteriorly directed, thicker, and faces the cerebellar and 

fourth ventricles. 

Cowbird 

The cerebellum of the cowbird is com.parable in s i ze to t ha t of 
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the oriole. As in the other three species, the general shape is 

oval, but the subfoliation is slightly different. The medullary sheet 

is prominent with a reduced ventricle at the medullary sheet base. 

This medullary sheet and cerebellar ventricle are comparable to that 

of the meadowlark. There is a smaller lobe formed from the separation 

of subfolia IXb, IXc, and folium X from subfolium IXa, as in the 

oriole and meadowlark, but it is not as prominent. This separation 

is due to the size of fissura sulcus 2. The folia in the anterior 

lobe are slightly smaller than in the posterior lobe. 

Folium I is narrow and small, but it is the same length as folium 

II. The anterior tip of this folium tapers to a blunt point and turns 

slightly dorsal, while the posterior end tapers ventrally. The corti

cal layer occupies most of this folium. The granular layer is anter

ior and dorsal, and no medullary ray is evident in folium I. Fissura 

precentral a^ is distinct and its deep end is ventrally oriented. 

Folium II is located parallel and dorsal to folium I. Its anter

ior end is rounded. The three cerebellar layers are conspicuous, but 

the medullary ray is not as prominent in the second folia as it is in 

the other three species. The fissura precentral is about the same 

length as the fissura precentral a.. 

Folium III is unique in the cowbird because it does not sub-

foliate. The folium is large and fans out toward its outer end, where 

the cortex and granular layers are broad and thick. However, the 

medullary ray is not subfoliated and remains narrow and well de

veloped. The dorsal tip of the folium tapers to a point, and thus in

corporates the cortex and granular layers. 
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Folium IV in the cowbird is comparable in its structure to folium 

IV in the oriole. The three cerebellar layers are distinct and are of 

uniform thickness. The fissura intraculminate separates folia IV and 

V, and therefore is the longest fissura of the anterior lobe. 

Folium V is slightly subfoliated. This subfoliation appears like 

that of folium V in the other species, the dorsal subfoliation taper

ing upward. Hov/ever, the medullary ray is not subfoliated, and 

appears as a single long and narrow ray which tapers toward the end. 

The fissura prima is long and curves caudally. 

Folium VI differs from the other species because it subfoliates 

only twice--VIa and VIb. Subfolium Via curves in an anterior and dor

sal direction, while subfolium VIb curves dorsally. Fissura declival 

sulcus 2 is long and separates these subfolia. Both subfolia are well 

developed, with VIb being larger. The cerebellar layers are distinct 

and the medullary branches are proportional in length. 

Folium VII is unique in the cowbird because a small lobe com

posed of granular and cortical layers projects out about one-half of 

the way into the folium. This subfoliation is directed dorsally, but 

does not involve the medullary layer. The granular layer also tapers 

dorsally toward its outer end. The uniformity of the cortical layer 

varies with the subfoliation of the granular layer. The medullary 

branch curves slightly dorsal. The fissura prepyramidal is long, 

with a slight bifurcation as it terminates in the center of the cere

bellum. Folium VIII broadens tovzard its outer end and this involves 

the cortex and granular layer. The medullary ray is comparable in 
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length to thai, of folium VII, and is directed posteriorly and dorsally, 

Fissura secunda is long and about the same length as fissura pre

pyramidal. 

Folium IX has the same type of subfoliation as the other three 

species--IXa, IXb, and IXc. Subfolium IXa is the most dorsal branch 

and is the longest of the subfolia. Subfolium IXb is shorter and more 

rounded than subfolium IXa, and has thickened cortical and granular 

layers. Subfolium IXc is directed posteriorly and ventrally, and has 

a wide cortical layer distally. The subfolia all have branches off of 

a common medullary ray with the subfoliation of IXa and IXb forming 

one branch and IXc the other branch. The fissurae uvular sulci 2 and 

1 are similar in length. 

Folium X consists of a broad granular layer and a small cortical 

layer. This folium is directed ventrally and its end is flattened. 

The granular layer faces the ventricle whereas the cortical layer is 

posteriorly directed. As in the other three species, the medullary 

layer was not found in this folium. 



TABLE 1.--RELATIVE WEIGHTS OF PAPER TRACINGS OF THE THREE LAYERS 
OF THE CEREBELLUM (EXPRESSED AS THE PERCENTAGE OF THE TOTAL 

WEIGHT OF ALL THREE LAYERS). 
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Icterids Cortical 
Layer 

Granular 
Layer 

Medullary 
Layer 

Redwinged Blackbird 

Redwinged Blackbird' 

Redwinged Blackbird" 

Oriole 

Western Meadowlark 

Cowbird 

44.4% 

41.27o 

35.3% 

46.9% 

42.8% 

40.7% 

37.6% 

37.1% 

36.5% 

34.8% 

35.1% 

33.6% 

18.0% 

21.7% 

28.2% 

18.3% 

22.1% 

25.7% 
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FIGURES 

The follovjing figures indicate the number of cells in the granular 
layer of each lobe in the cerebellum (ordinate) in relation to the 
total number of cells in the granular layer of all lobes in the cere
bellum (abscissa). One-eighth of an inch is equal to 2.3 units on the 
ordinate; on the abscissa, one-eighth of an inch is equal to 4.0 units. 

FIGURE FOLIUM 

1 I 
2 II 
3 Illa 
4 Illb 
5 IV 
6 V 
7 Via 
8 VIb 
9 Vic 
10 VII 
11 VIII 
12 IXa 
13 IXb 
14 IXc 
15 X 

The legend used in the graphs is as follows: 

P cowbird 
^ western meadowlark 

, redwinged blackbird 1 
, . redwinged blackbird 2 

redwinged blackbird 3 
_ Bullocks oriole 
© 
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Figure 16. Sagittal sections of the cerebella of the 
following species: 

A redwinged blackbird 1 
B redwinged blackbird 2 
C redwinged blackbird 3 
D western meadowlark 
E Bullock's oriole 
F cowbird 
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CHAPTER IV 

DISCUSSION 

Most comparative neuroanatomists have accepted that there are ten 

main folia in the avian cerebellum. Larsell (1948) believed that the 

mammalian lobules I-X are homologous, respectively, with the avian 

folia I-X. Leuret and Gratiolet (1839-1857) noted that the number of 

cerebellar folds are proportional to the volume of the cerebellum, and 

in 1956 Saetersdal noted what others before him had found, that these 

primary folia of the avian cerebellum are constant in number but 

differ in relative size among species. Larsell further concluded that 

subfoliation and folia size are correlated with function; that is, the 

more complex and extensive the function, the larger the size. 

The four species examined in this study live in different environ

ments. Although all four species fly, their flight habits and abil

ities differ considerably. There is also variation in walking and 

nest-building behavior. The presumable association of more than one 

function with a particular folium makes it difficult to make meaning

ful comparisons between species. However, a comparison of this work 

with that of Larsell and others does reveal some interesting observa

tions . 

Larsell (1948) concluded that the lingula in the mammalian brain 

and folium I in the avian brain are homologous. This conclusion was 

based on works of previous authors and through his own experimental 

work on the embryonic cerebellum as it develops into the adult. 

Functionally, this lobe was thought to be related to the distal part 
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of the tail region. This conclusion was based chiefly on studies by 

Chang and Ruch (1949) on the spider monkey, Whitlock (1952) on the 

pigeon, and Larsell (1967) on the pig and penguin. Both folia I and 

II were shown by Chang and Ruch to have spinocerebellar fibers that 

are functionally related to the tail of the spider monkey. However, 

Whitlock (1952) found that folium I in the pigeon lacked spinocere

bellar fibers. In the pig the small size of folium I was correlated 

with the reduction of the distal part of the tail. However, this 

correlation is less apparent in birds. It is exemplified in the 

penguin which has a reduced tail. 

Folium I was quite small and reduced in the four species examined. 

The poorest flier of the group, the meadowlark, had both actually and 

proportionally a folium I as large and as well developed as the other 

species which fly well. Therefore, the results of this study do not 

support the hypothesis that folium I is related to the distal part of 

the tail region. 

Ingvar (1918) and Whitlock (1952) found spinocerebellar fibers 

terminating in folium II in the pigeon; Chang and Ruch (1949), as pre

viously mentioned, found these fibers in the second folium of the 

spider monkey. Functionally, this folium has been thought in the pig 

and penguin to be related to the basal part of the tail. This folium 

is large in the pig, penguin, the birds Larsell examined, and many 

other animals. Other observations suggest an apparent correlation but 

experimental confirmation is lacking. Like folium I, there is no 

experimental evidence indicating any function related to folium II. 
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In the four species examined, folium II is consistently rounded, 

well developed, and short. This is consistent with the observations 

of Larsell (1967). However, as in folium I, basal tail variation in 

the four species was negligible. Thus, there is no evidence to indicate 

the relationship of folium II to the basal part of the tail. 

Folium III corresponds to the mammalian central lobule. Function

ally, this folium has been thought to be correlated with walking, 

swimming, or leg strength. Whitlock (1952), working on the pigeon, 

found that stimulation of the sciatic nerve activated this folium, 

and that stimulation of the leg and tail feathers in the owl and 

pigeon had similar results. Larsell (1967) found folium III well 

developed in all of the species he observed except the hummingbird 

which uses its legs only for perching. He also found spinocerebellar 

fibers associated with the third folium. He concluded that folium III 

is functionally related to walking and leg use. 

The cowbird was the only species with no subfoliation in folium 

III, even though this folium was large. The meadowlark, which is 

better adapted for walking than for flying, had a large folium III 

which proportionally was no larger than folium III in the oriole or 

blackbird. Thus, the cowbird was the only species that had a dis

tinctive folium III. 

The avian folium IV and the mammalian culmen are homologous, 

according to Larsell (1967). Whitlock (1952) activated this folium 

when he experimentally stim.ulated the leg and tail feathers in the owl 

and pigeon. Larsell (1967) activated it when he stimulated the radial 
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nerve to the wing or the wing feathers in pigeons, horned owls, and 

ducks. Whitlock, Ingvar, and Larsell found spinocerebellar tracts in 

the pigeon, and Larsell (1967) found these tracts in several other 

species. The experimental evidence thus shows a greater distribution 

of loci activated in this folium by stimulation of the tail, leg, and 

wing regions. It could suggest that this lobe is also correlated with 

walking, swimming, and leg strength. The fourth folium of the huirming-

bird was found by Larsell to be large, and this could be correlated 

with the constant use of the wings. 

This lobe is more subfoliated in the meadowlark than in any of the 

other species studied. However, folium IV is relatively large in the 

other species. Thus, like folium III, variations in size are limited. 

Folium V, like folium IV, is homologous with the mammalian culmen. 

Spinocerebellar fibers were experimentally found in this folium of the 

pigeon by Ingvar and Whitlock. Whitlock (1952) also activated V by 

stimulating the sciatic nerve, while Larsell (1967) stimulated the 

radial nerve to the wing or wing feathers and caused activation. As 

in folium IV, a stimulation of the tail, leg, and wing regions acti

vated folium V. Larsell found this lobe well developed in strong 

fliers such as the hummingbird. 

Wing and leg development have thus been associated with folia III, 

IV, and V. Folia III and IV were seen to be associated with walking 

functions, while folium V, also found to be associated with the leg, 

was observed by Larsell to be well developed in strong fliers. Folium 

V is large in all four species of this study. However, it is the most 
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subfoliated in the oriole, which is a strong flier. This observation 

is somewhat in accord with that of Larsell (1967). The large size of 

this folium in the other species studied could be due to the other 

functions associated with folium V--leg development and walking. 

Larsell observed that the fissura prima is less prominent than 

the fissura secunda in nearly all birds he examined. Fissura prima 

was prominent in the species of Icterids studied, but not as long and 

prominent as the fissura secunda. 

Folium VI is the first folium of the posterior lobe. According to 

Larsell (1967), this folium is the most variable in relative size and 

number of subfolia. As in folia IV and V, Ingvar (1918) and Whitlock 

(1952) found spinocerebellar fibers in the pigeon associated with VI. 

Whitlock found tecto-cerebellar fibers in folium VI of the pigeon, and 

Snider and Stowell (1942, 1944) found that it could be activated by 

stimulating the upper extremity. Larsell (1967) divides folium VI 

into its most common subfolia--subfolia Via, VIb, and Vic. Subfolium 

Via was activated when Larsell stimulated the radial nerve to the wing, 

and by direct wing and leg stimulation. Trigeminal nerve stimulation 

effected subfolium Via in the pigeon and subfolium VIb in the duck and 

pigeon, and Whitlock (1952) showed that face feather stimulation 

activated loci in subfolia Via, VIb, and Vic of the pigeon and owl. 

Photic stimulation of the retina activated VIb in the duck, while 

cochlear stimulation activated Vic in the horned owl. Larsell further 

observed that folium VI is well developed in strong fliers. It is 

small in the chicken, grouse, cormorant, and owl, but large in the 
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humn^ingbird, duck, and penguin. The extent of the trigeminal sensory 

area in the beak of the duck could be correlated with the large size 

of folium VI (Larsell, 1967). Although the penguin is flightless, it 

uses its wings to swim under water. 

From the above observations it can be seen that folium VI is 

associated with the upper extremity, tecto-cerebellar fibers, wings, 

legs, the trigeminal nerve, face feathers, retina and cochlear stimu

lation, and has a wide variation in size. In the four species 

observed, folium VI was fairly constant in its structure and sub

divisions, except for subfolium Vic, that was absent in the cowbird. 

The reason for the absence of Vic in the cowbird is not apparent. 

Conceivably its absence could be related to the reproductive behavior 

of this species: the cowbird does not build a nest of its own but 

lays its eggs in the nest of another bird. Among the Icteridae, nest-

building is generally not a simple process and would be expected to 

require considerable coordination involving the cerebellum. 

Because activating folia VII and VIII produces similar results, 

these two folia are considered to have corresponding functions. 

Tecto-cerebellar fibers are present in both folia. These folia were 

activated in the horned owl when the tectum, the retina, and the coch

lea were stimulated. In the pigeon these folia were activated only 

when the cochlea and retina were stimulated (Whitlock, 1952) . How

ever, experiments have shown that VII and VIII were associated in the 

duck with cochlear impulses, and VII was activated by photic stimu

lation of the retina. Larsell observed folium VIII to be larger than 
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average in the chicken, grouse, duck, penguin, and eagle. It is in 

the eagle that it is thought to be correlated with vision. 

The above studies indicate that the functions of folia VII and 

VIII involve the tectum, the cochlea, and the retina. Differences in 

seeing or hearing have not been reported in the four species of 

Icterids in this study. These folia are large in all four species 

and proportionally, they are about the same size. Folium VII is 

more subfoliated in the cowbird and meadowlark than in the blackbird 

or oriole. 

Fissura secunda, which is between folia VIII and IX, was 

observed by Larsell (1967) to be the deepest and most prominent 

of the cerebellar fissurae. In the four species observed, brain 

sections show the fissura secunda to be deep and prominent, but it 

is about the same as fissura prepyramidal, which separates folia VII 

and VIII. 

Larsell (1967) observed folium IX, the uvula, to be the largest 

folium in the majority of species he studied. Experimentally it has 

been observed to have tecto-cerebellar fibers, and Ingvar (1918) and 

Whitlock (1952) found spinocerebellar fibers leading to it in the 

pigeon. Whitlock (1952) observed in the pigeon that lateral contin

uations of folium IX, especially the avian paraflocculus, are very 

prominent. 

Of the four species studied folium IX was found to be the largest 

one, with folium VI being almost as large. Folium IX was also found 

to be fairly consistent in its structure and subfoliation. There 
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appears to be no experimental evidence of tecto-cerebellar or spino

cerebellar fibers in folium IX. 

Folium X, the nodulus, v;as observed by Larsell to be continuous 

with the flocculus on both sides, thus forming the flocculonodular 

lobe. This lobe has been experimentally shown to receive vestibular 

fibers and sometimes olivo-cerebellar fibers. 

Folium X is a reduced folium in the four species studied and 

proportionally is the same size. Neither vestibular nor olivo

cerebellar fibers have been reported from this lobe. A number of 

lateral projections are present in all four species. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Sagittal sections of the cerebella of four species in the avian 

family Icteridae were compared and related to previous work on cere

bellar function in other species. 

The cerebella of the four species did not vary appreciably 

either intraspecifically or interspecifically in overall size or 

structure. There was a positive correlation between brain size and 

foliation, but morphological differences could not be satisfactorily 

related to known differences in locomotion or behavior. 
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